Latest estimates suggest 390 million infections of dengue occur each year, of which 100 million results in symptomatic disease. The new clinical classification proposed by WHO-TRD 2009 simplifies dengue fever (DF) into dengue (D) and severe dengue (SD) with an intermediary group of "dengue with warning signs" (DWS). Early, sensitive and specific diagnosis of dengue is needed for appropriate patient management as well as for early epidemic detection. Virological and serological markers in sera from dengue confirmed patients from Venezuela and Nicaragua were evaluated. A total of 232 sera collected in the acute (days 1 to 5 of fever onset) and convalescent (days 7 to 14) phases of illness were tested by Platelia NS1 antigen ELISA and IgM, IgA and IgE capture ELISA methods. NS1 was detected with highest OD values in the acute phase for primary and secondary cases. IgM was detected in primary and secondary groups but the highest OD figures were observed after defervescence day. IgA and IgE detection were almost absent for primary cases, contrary to secondary cases which showed higher values but after defervescence day. NS1 could be used as effective diagnostic marker in the acute phase of illness for primary and secondary dengue infections. IgM detection is still an invaluable tool for routine dengue diagnosis but delay. IgA detection could define secondary infection in early phase of illness. IgA/IgE could be evaluated as prognostic markers associated to SD cases.
Introduction
Dengue is the most important mosquito-borne viral disease of humans and an enormous public health burden in affected countries. Latest estimates suggest 390 million infections of dengue occur each year, of which 100 million results in symptomatic disease [1] .
Dengue viruses (DEN) belong to the family Flaviviridae, genus Flavivirus.
There are four dengue virus serotypes (1, 2, 3, and 4), which are responsible for this disease. Dengue infection can range from asymptomatic infections, undifferentiated fever and classical dengue fever (DF) to severe forms of the disease: dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS) [2] [3] .
The new clinical criteria of dengue case classification (dengue and severe den- The laboratory diagnosis of DEN is based on virus isolation, viral RNA detection, or detection of DEN-specific IgM and IgG serum antibodies [4] [5] [6] .
However, all these assays have limitations: Virus isolation requires lengthy culture, is expensive and has relatively poor sensitivity; RT-PCR is accurate and ideal for early diagnosis but requires specialised equipment not always available in tropical settings where many flaviviruses predominate; serological approaches can give results in few hours or minute but antibodies detection is not available early in course of the disease, moreover, the problems with antigenic cross-reactivity of IgG than IgM particularly in regions of the world where more than one flavivirus co-circulates [7] .
An early and accurate diagnosis of dengue can assist in patient management by directing clinical attention to the appearance of major warning signs of severe or even life threatening complications; it can facilitate vector control activities in the community and prevents unnecessary antibiotic usage [8] . For that reason, the studies of other virological and serological markers as NS1 protein, IgA and IgE have been made based in their usefulness for an early dengue diagnosis [7] [9] [10] .
The DENCO project was designed for producing new evidences through basic and implementation research for more effective dengue prevention and case management by reducing viral transmission and case fatality. As part of this project we have evaluated the virological (NS1 protein) and serological (IgM, IgA and IgE) responses in serum samples collected from patients of Venezuela and Nicaragua with a confirmed dengue infection.
Material and Methods

DENCO Study
The DENCO (Dengue Control) project was a multi-centre prospective observational study of dengue in Southeast Asia (Malaysia, Thailand, The Philippines and Viet Nam) and the Americas (Nicaragua and Venezuela). The study sites at which patients were enrolled for this particular investigation were: Hospital 
Patient Enrolment
Venezuela and Nicaragua patients above 6 months of age, with clinically suspected dengue and fever for less than 7 days were enrolled in the study. In case of children were written an informed consent by the study participant, or a parent/guardian. Out-patients and in-patients were recruited at 5 centres. Patients were followed by trained study physicians using standardised case report forms (CRFs) describing clinical, laboratory, diagnostic and management information in detail. Ethical approval was obtained from the Ethics Review Committee of WHO and each institution involved. Two or three samples were collected for each patient, during the acute (days 1 to 5 of fever onset) and convalescent (days 7 to 14) phases. For each patient was determinate the day of defervescence, defined as day 0. Dengue diagnosis was confirmed by virological (virus isolation and/or RT-PCR detection) and/or serological methods (IgM and/or IgG) [12] [13] [14] . The patients were classified according to the type of infection (primary or secondary) and following the WHO criteria for the clinical classification of dengue (D) and severe dengue (SD) [15] [16] . The NS1 detection and IgM, IgA, IgE responses were studied in the tested samples.
Characteristics of the Study Population
Between August 2006 and May 2007 a total of 2259 patients were recruited to the DENCO study at the 11 participating hospitals. NS1 detection was attempted using at least one of the two NS1 tests in 1821 patients. From amongst the 1821 patients, there were 1385 with laboratory-confirmed dengue (Dataset for analysis) and 45 with no laboratory evidence of acute or recent dengue [11] . In this work, we use only serum samples from Venezuela and Nicaragua patients.
Laboratory Investigations
Serological and virological dengue diagnostics were performed in each partici- 
Virus and Antigens
Dengue antigens used in the serological studies were obtained from infected suckling mice brain extracted by the sucrose-acetone method [17] . Reference D. Ruiz et al.
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ELISA Tests
In-house ELISA tests were used with the conditions previously established: IgM, IgA and IgE antibody capture immunoassays (MAC-ELISA, AAC-ELISA, EAC-ELISA) and ELISA Inhibition Method (EIM) for IgG antibody detection [13] [14]. A serum sample was considered positive by MAC and AAC-ELISA when the optical density ratio (OD ratio) was ≥2 and for EAC-ELISA test ≥ 1.4. This value was calculated as P/N where P represents the OD of each serum sample and N represents the mean OD of the negative control wells. By EIM the inhi- 
Statistical Analysis
Original data analysis was performed at the Section of Clinical Tropical Medicine at the University of Heidelberg, Germany, using STATA versions 9. 
Results
Venezuela and Nicaragua Patients' Classification
In the study were enrolled 71 patients from Venezuela and 23 from Nicaragua.
These patients were classified according to the type of infection in 10 primary cases and 84 secondary cases. Also, according to the WHO dengue clinical classification, 80 patients were classified as D and 14 as SD (Figure 1 ). In the Venezuelan group 6 (8.5%) patients were classified as primary and 65 (91.5%) as secondary cases; 62 cases were classified as D and 9 as SD cases. In the Nicaraguan group 4 (17.4%) patients were classified as primary and 19 (82.6%) as secondary cases, with 18 as D and 5 as SD cases.
All primary and secondary cases were analysed together independently of the origin country due to the small number of primary D/SD samples for the study.
D. Ruiz et al.
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OALib Journal IgE but starting at day −2. In this group, the highest OD values were observed in samples collected after day 0 for all serological markers.
Kinetics of NS1, IgM, IgA and IgE in Serum Samples from Primary and Secondary SD Cases
The mean of defervescence day in primary and secondary SD cases was 6.50 (CI 95%: 0.17 -12.85) and 5.90 (CI 95%: 5.21 -6.64) respectively.
Two SD patients developed a primary infection. From them, five serum samples were collected. NS1 was detected as early as day −3 and kept in detectable levels until day of defervescence (Figure 2(c) ). NS1 decreased as IgM increased.
IgM was detected at day −1 with a trend to increase OD for samples collected after day 0. IgA and IgE levels were almost absent, being detected only in two samples. In secondary SD cases (Figure 2 
Levels of NS1, IgM, IgA and IgE Serum Samples from Primary and Secondary D Cases
Levels of NS1, IgM, IgA and IgE in serum samples from D patients with primary and secondary infection are shown in Figure 3 .
In primary cases, highest NS1 OD and positive percentage (83.3%) values in days before defervescence were showed. (Figure 3(a) ). After day 0, the positivity was almost absent (29%) with detected levels until day 1. Levels of IgM antibodies begin to be detectable in day before day 0 but highest positive percentage (86.0 %) was obtained in days after defervescence with a tendency to increase at the time (Figure 3(c) ). IgA and IgE levels were almost absent in primary cases 
Discussion
For dengue disease, fever and other general complaints are considered as early clinical manifestations between first and second day of the disease and only after the third day defervescence are observed and with great importance for severe cases [18] .
NS1 is a highly conserved glycoprotein that exists in multiple oligomeric forms and is found at different cellular locations: either cell-membrane-associated (mNS1), in vesicular compartments within the cell or on the cell surface, and as a secreted lipid-rich, extracellular (nonvirion) species [19] . Recently, NS1
has been proposed as an early marker of dengue infection. ELISAs for NS1 antigen detection have demonstrated the presence of high concentrations in acute sera from dengue patients [7] [20] [21] , coinciding the viremic and febrile periods [22] [23].
In the present work, early detectable NS1 ratios from primary and secondary dengue patients were showed, independently of the clinical picture. The best period of NS1 detection was in days before defervescence day (between days 0 and 4). The non-detectable NS1 levels toward day 2 after defervescence could be re- Primary dengue infection is characterized by an increase in the level of dengue-specific IgM antibody 3 -5 days after the onset of symptoms, accompanied by low levels of dengue-specific IgG antibodies. In a secondary infection, dengue-specific IgM antibody can be present, whereas IgG increases rapidly to very high levels at days 1 to 2 after onset of symptoms [5] [29] . Here, IgM levels start to increase earlier in secondary than primary D cases. For severe cases, the IgM responses were analogous to D cases. Highest OD mean ratios after defervescence always were showed. Although a variable and sometimes absent IgM res- [38] . High homology between dengue serotypes and recognition of common epitopes, during a sequential could explain the IgM levels detected in our cases. Dengue IgA antibody detection in serum samples from individuals with dengue infections have been proposed as a serological marker for diagnosis [9] [39] and as an indicator of recent infection [40] [41] . In this study, highest IgA ratios were observed for secondary D and SD cases and mainly in samples collected after defervescence day. In all primary cases the responses were absent in days before day 0. The IgA has been commented with an analogous behaviour to IgG antibody. In primary infection must be detectable after the release of IgM, while in secondary infection IgA appear early in acute phase by the common epitopes recognition by memory B cell clones circulating on blood [40] [42] . The induction of high-rate IgA levels requires a group of factors which must act synergistically in the Ig production predominantly toward IgA isotype: engagement of CD40 (B cells) by CD40 ligand (CD40L, Ag-activated CD4+ T cells) which determines class switch gene recombination; TGF-ß secreted by CD40L-induced B cells is required for switching to IgA; the presence of IL-10 increasing both the number of IgA lymphocytes and the amount of secreted IgA. [43] demonstrated higher serum levels of IL-10 in dengue patients associated with secondary infection and [44] suggested an important role of TGF-ß and IL-10 mediators as regulatory and anti-inflammatory cytokines, associating these presences with protection in dengue secondary infection. Therefore, anti-dengue IgA detection in serum samples could be evaluated as an alternative diagnostic for secondary dengue case definition in early phase of infection (between days 0 and 4).
IgE antibody may play a protective role in some parasitic, bacterial and viral infections in humans, and possess anti-tumor properties in vitro [45] . Some authors have described IgE antibodies elevation in patients with dengue infections. [46] found both total and specific increased of IgE levels in patients with DHF, [47] observed higher levels of total IgE in dengue patients contrary to control group (subjects with no exposure); [48] observed higher levels of specific IgE in DHF/DSS cases than DF cases and healthy individuals; [13] found significant differences of IgE OD ratios between primary and secondary dengue cases, observing the higher values for the last group. Similar to IgA response, IgE OD ratios were detectable in secondary D and SD infection while in primary was absent. The highest IgE values were detected in samples collected after deferves-cence. IgE levels in sera were lower respect to IgM and IgA.
Isotype switching to IgE requires 2 signals: one signal is provided by IL-4 or IL-13, which activates transcription at the IgE isotype-specific; the second that is provided by ligation of CD40 on B cells by CD40L on T cells, which activates DNA switch recombination [49] . The activation of the specific T helper 2 (Th2) cells leads to expression of IL-4 and IL-13, and induction of class switching to IgE. Although T cells are the source of both activation signals, basophile cells express high levels of IL-4 and IL-13 after activation and have been suggested to play a role in both polyclonal amplification of IgE production and differentiation of Th2 cells, very similar to human mast cells which produce IL-4 in minor amount than basophiles but could play a role in secondary dengue infection [49] [50]. In dengue infections some pathologies has been associated with the development of the several clinical picture, such as diabetes, sickle cell anaemia and bronchial asthma [51] [52] . This last has been observed in patients with a higher production of IgE and predisposition to a Th2 cell response, constituting a risk for the severe illness [43] , although we cannot assure that it was the cause of some patients in this work. The use of IgE as a possible prognostic marker of severe illness and the role of this antibody in the pathogenesis of dengue infection should be more studied.
Conclusion
This paper shows the acute phase of illness as the best period for the detection of dengue NS1 protein in human sera and suggests its utility as early and effective diagnostic marker. IgM detection is still an invaluable tool for routine dengue diagnosis but for samples collected after day 5 of onset of fever. Therefore, it's considered a delay diagnostic, representing a difficulty for definition of recent infection case, mainly in countries where this illness is endemic. IgA response could define a secondary infection in early acute phase of illness (between days 0 and 4), demonstrating its utility in (hyper)-endemic areas where more cases are frequently associated with severe outcomes. Finally, IgA and IgE could be evaluated as prognostic marker associated to several picture of illness in secondary dengue infections.
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